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ABSTRACT 


Recent advances in Metal-Oxide-Semiconductor/Large- 
Scale-Integration (MOS/LSI) circuits have made large amounts 
of computational capability available in small packages. 
шисисисп MOS/LSI circuit, a business-format, four-function 
Ma tor: is utilized to provide a fixed-function form of 
иеа сепсе in the Tektronix 4010 Computer Display Termi- 
nal. Discussion of important circuit design concepts from 
preliminary considerations to final testing and results is 
presented. Sample calculations and instructions for calcu- 


Eoi operation are given as appendices. 
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E I. INTRODUCTION 


etititerabeintelligence has been present in many forms 
Bec man devised his first tool. However, a firm defini- 
ШЕП ОГ this form of intelligence has never been agreed upon. 
Most researchers consider artificial intelligence as that 
intelligence which is neither animal nor man intelligence. 
If this is the case, then the question of whether a machine 
is intelligent or not depends entirely on the definition of 


Intelligence. 


A. MACHINE INTELLIGENCE 

Machine intelligence, its sources, forms, and definition 
have been the topic of continual research for a number of 
years. Recent technological advances in electronics have 
resulted in computing machines that far exceed man in speed 
in certain tasks. But do these computers really possess 
intelligence? Reference [14] defines intelligent machines 
as those that M аьле to perform tasks that, until recently, 
only human beings could perform and, to perform them with 
Ва tiveness and speed comparable to a human. By this 
definition then, computers as well as many other machines 
БОШОТО be considered to be intelligent. However, most re- 
сеагсһег< in the field of artificial intelligence list the 
abhi lity to learn as a key element to intelligence. A com- 
ect сап learn through programming to perform higher level 


tasks previously performed by man; but its decision making 





meocesses Could not, until recently, be changed except through 
reprogramming by man. Reference [15] states that intelligence 
is multipurpose and involves the ability to learn through 

eeeee rience. By these standards, present-day electronic 
computing machines that have fixed functions possess problem 
Solving ability but do not possess intelligence. Only pres- 
ent research in adaptive programming and networks is tending 


towards true intelligence in machines. 


O INTELLIGENT COMPUTER TERMINALS 

The first computer terminal devices were simply communi- 
E ions interfaces. Some device was needed to translate 
between the man and the machine. This was supplied by the 
computer terminal. With the invention of integrated circuits 
and the advances in technology made subsequent to that event, 
an ever-increasing amount of functional potential has been 
Маре inva smaller and smaller circuit size. This has 
Nested тп а trend, in the field of computer devices, to- 
mapas what iS termed an “intelligent terminal". For the 
purposes of this paper, an intelligent terminal will be con- 
sidered as one that possesses functional capability or 
computational ability beyond the basic code conversion 
process of the terminal device. 

There are two implementations of terminal intelligence. 
The first of these and the more common is to provide a cer- 
tain degree of software programming capability within the 


КЕШПЕС Се Т Т The terminal is then used for local data 





Processing, sorting, or formating which is unique to the 
terminal system, thus allowing the main computer to remain 
Bee тот the more complex computational tasks. The second 
amm oach could be considered a hardware approach. Certain 
imd computational functions or capabilities are built into 
the terminal and may be performed independent of the main 
Gomputer. 

Within the last few years, greatly increased density 
[men cood production yield in Metal-Oxide-Semiconductor (MOS) 
Technology has enabled manufacturers to place complete 
metic calculators, and even complete microcomputers on 
На Lew integrated circuits. This computational capa- 
bility in a small package is ideally suited for the second 
 штоасһ to intelligent terminals, where processing speed is 
ШЕШ а critical factor. The remainder of this thesis de- 
ШЕРІрСес a design project to increase the intelligence level 
of a general purpose graphics terminal through use of a 


Pee est calculator circuit. 








ІІ. PRELIMINARY CONSIDERATIONS AND DESIGN 


А. INTRODUCTION 

Шап exercise in the application of present-day inte- 
ited circuits in the area of intelligent terminals, a 
design project was undertaken during an industrial tour 
Berıod at the Information and Display Products (I.D.P.) 
division of Tektronix, Inc. The initial concept and prelim- 
E design criteria for the project came from the marketing 
Eur of I.D.P. 

e oject Concept 

Ihe initial concept was to design and produce as an 

option to the Tektronix 4010 terminal, a terminal auxiliary 
card, which, when inserted in the base of the terminal, 
wuld allow the operator to utilize the terminal as a busi- 
Mess format, four function calculator. The calculator option 
was to utilize the storage feature of the 4010 CRT to record 
mI calculations subsequent to the last screen erasure. 
This feature would allow a permanent record of calculations 
to be made through the use of a hard-copy unit. The calcu- 
lator card was to be offered as an option to the basic ter- 
minal, thus making the terminal more attractive to large 
business-oriented customers. 

An intall Design Criteria 

The initial design criteria received were general 


in nature and are listed below. 





Que roduct Size 
Meme ici calculator option should fit on the 
merminal auxiliary card normally used by Tektronix for inter- 
me of the 4010 terminal to the various types of computers 
ша ретърлега! devices. 
b. Capabilities 
tiemeatewuatormcnould have the four functions of 
met ion, Subtraction, multiplication, and division with at 
ШЕСІ eight digits in the resultant display. 
Gu Options 
ПЫ ет ато ОШО have the option of entering 
Шаға and operations into the calculator, either from the 
normal terminal keyboard or from a special numerical calcu- 
lator keyboard availabie on a cable extension from the 


 Шсеп1асог option card. 





O PRELIMINARY DESIGN CONSIDERATIONS 
Шеша реге т лаку to theinitial design of the calculator 
option, a study was made of the various cperating conditions 
and possible major components or units to be used. A discus- 
sion of the results of that study, and a description of the 
Sus units and their respective performance criteria 
follows. 
ШИ Tektronix 4010 Terminal 
The Tektronix 4010 Computer Display Terminal is a 
communications link and display device for use with a wide 
range of computer systems. The terminal itself is very 
complex, therefore detail will be given only to those areas 
directly related to the design of the calculator interface. 
Complete terminal circuitry detail and operation is avail- 
Шели references [1, 2, 3]. The problems involved in 
interfacing any external device with the 4010 terminal are 
primarily ones of communication; what method of information 
Enansmissloh tO use, and what timing conditions are neces- 
sary to get the information into the terminal and onto the 
screen. These TN as well as several others, will be 
Biscussed in this section. 
ринви обмогтиссиге апа Codes 
The 4010 terminal uses a parallel buss structure 
for all internal data communication. This communication 15 
comprised of data transfers between the several sections of 
the basic graphics terminal and data transfers between these 


sections and any external interfacing device. An example 
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Мос ап interface device isthe option 1 basic serial 
interface which permits communications between the 4010 
terminal and a large number of present day computer systems 
through use of a MODEM. 

КЕШСЕ ӘБШЕРіте consists ot 72 individual 
Meses including power connections, clocking, synchroniza- 
ШЕШ 5ірпа15, апа data bits.  Transistor-Transistor Logic 
ЖИЕ) 15 utilized throughout the logic portion of the termi- 
ШЕ” “апа the major portion of the buss structure operates on 
Моца! TTL logic levels. In order Иве the multiple 
use of any given buss by the several units that may .be 
@ommected to it, a low-active logic system is used. Each 
bass functioning as a logic communication link has its own 
Eusvdual pull-up resistor to *5 volts, and may be con- 
trolled by any number of open-collector buffer gates. The 
@erminal relies entirely on proper timing and synchroniza- 
tion in order to ensure that the various terminal modules 
End nterfacing devices do not interfere with each other. 
Connection to any given buss is made by sedge connector or 
Be particular card as it is inserted into the terminal base. 
minal auxiliary мас к the proper size and WIth edge 
Ee cLliolls to all 72 busses in the structure are available. 
One of these cards was ТЕЗ ӘН Ее Teton, pe ol the calcu- 
ror option АТ this time, it was decided that the calcu- 
lator option would be placed on a single terminal auxiliary 
card and would communicate with the 4010 terminal through 


ИШ ела Би<<5 structure in the same fashion as a larger 
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external computer. All necessary interfacing and control 
ввела: моціай be contained on the same card. 

NE helt ртор ст directly encountered was the 
choice of codes to be used in the terminal/calculator communi- 
Eon. The 4010 terminal utilizes the American Standard 
ООО ТОТ Information Interchange (ASCII). This code 
Eure 1) contains all of the alphabetical, numerical and 
control functions necessary for the alphanumerical (Alpha) 
Mme of operation of the terminal; and is used through spe- 
cial procedures for the graphical (Graph) mode as well. 

For the calculator option, it was decided to use the Alpha 
mode of terminal operation since all the necessary numbers, 
mal point» and symbols to represent operations were 
Мен Ју available. In addition the four bit row code of the 
ШШ пипрет5 іп АӘСІІ is the same as the binary coded deci- 
mal (BCD) representation used internally by all calculators 
present use. It was felt that proper choice of the 
remaining symbols and control codes could result in a mini- 
ization of the decoding Andeamterfacıng eircuitry 1n the 
miele design. The bits of the ASCII code are represented 
Eum лейлОо10 155 structure as BIT I through BIT 8 with BIT 8 
used as a party bit in certain operations. 

с. Strobe and Timing Requirements 

ЕП со the proper selection of codes 
for data communication, consideration was given to the 
ШОШО andetiming Signals which must be used to get the data 


Шосе нон тесешис data from, the terminal circuitry. 
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Being data on the ASCII bit busses is useless unless certain 
боре and timing conditions accompany it. Reference [3] 
Bes complete details to be considered in the design of a 
pudilel interface for the 4010 terminal. Mes cate Of 
NES necessary to enter an ASCII code into the terminal 
is shown in figure 2. Buss signals in addition to the data 
bits are CPUNT and TSTROBE. CPUNT is a Signal to all other 
interface units that use the buss structure that data is 
about to be placed on the buss structure by a given unit. 
MOE provides a clocking of the data bits into latch 
ae on one of the basic terminal circuit boards. From 
E point on, processing of the data to the desired end of 
producing the symbol оп the display screen is automatic. 
Wiring the processing time the terminal generates another 
Pees) signal, TBUSY, to indicate that it is busy. This sig- 
Mal Provides ah interrupt to all interface units. 

For the reverse process of data transmission 
from the terminal to the computing device (by way of the 
miterfLace unit), he buss CSTROBE is used. The terminal 
generates the data bits and generates CSTROBE. This signal 
Strobes de dada into the interface unit where it is further 
processed and sent to the computer. An interrupt for this 
transmission is provided by CBUSY, which indicates to the 
terminal that the computer is busy and cannot receive data 
at that moment. 

Іс was decided to use this same communications 


timing and interrupt mechanism in the design of the 
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ENCculator option. The calculator would receive numerical 
inputs and operational commands from the terminal buss struc- 
ture through use of BIT 1 - BIT 8 and CSTROBE, and would 
generate CBUSY to indicate that it was busy with a given 
райсштаттоп. Upon completion of the calculation, the cal- 
Sator would send the result in the proper format, and with 
Mee@essary Sign and error conditions to the terminal over the 
Ame data busses by use of TSTROBE. Interrupt to this trans- 
mission would be provided by TBUSY, generated by the terminal. 
прово вості Format 

Since the display of calculator inputs, opera- 
tions, and results was to be made through use of the termi- 
ШІ display screen, a study of the operation of this device 
was made. 

Пе селото ла uses a grid transfer type 
Storage tube for display. Kone a character or symbol is 
written onto the screen, it remains there until the screen 
стаса through use of the PAGE signal. Іп the Alpha 
mode, the terminal can display any character contained in 
the 60-bit TTY subset of the ASCII code. A non-storing 
cursor is displayed cuithe screen to indicate the next 
tine position. This is the alphanumeric or Alpha cursor. 
me display screen allows up to 35 lines of information with 
а пахіпші оҒ 74 characters in each line. This screen format 
is shown in figure 3. There are left and right margins with 
an automatic carriage return and line feed at the right 


margin. When turned on, the 4010 will automatically reset 
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FIGURE 3 ALPHA MODE DISPLAY SCREEN FORMAT 





to the Alpha mode with the cursor at the home position in 
ШЕ пррет left hand corner at margin 0. This is the first 
er first character position. In addition, if the actual 
line width is less than half the width of the screen, strobe 
шишешетпе то upper center of the screen at margin 1 is 
able as an option. This enables the use of the left 
ШЕР ОТ the screen and then the right half for adjacent 
mils of text. Since the single line entries from the 
ЕСШЕ тот option were expected to be less than 37 charac- 
ters іп length, it was decided to use this feature in the 
wnal design to maximize the number of calculations that 
Could be displayed before erasure of the screen became 
mecessary. 

е. Power Availability 

dition availability of the voltages neces- 
ШЕШІ for the calculator was considered. Since the only 
calculators available use Metal-Oxide-Semiconductor (MOS) 
ас Сту, the necessary bias voltages must be present. 
Reference [8] shows that the highest bias potential neces- 
Eu for high threshold MOS circuits is approximately 27 
volts. This is within the 30 volt POLENEIAIITfFerence 
meovided by the +15 volt and -15 volt buss within the termi- 
ШІ. in addition sufficient current is available at these 
busses to supply the low requirements of the MOS circuitry. 
CE SCT Гоша Considerations 
Electronic calculators are available with two modes 


of operation. The algebraic version operates in a manner 
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Eas that used in the usual algebraic equation; a series 
of numbers and operations ending with an equal sign and then 
the result. The business (or adding machine) format has 
meemmeaerived for the normal sequence of bookkeeping used by 
accountants. A numerical entry is made followed by an oper- 
ator which indicates whether the entry is to be added or 
и тастеа Етол the previous balance. Since the original 
concept of the 4010 calculator option was that it provide a 
means of business calculation, the business format calculator 
was considered to be best suited. Consideration was next 
given to the screen format that would give the clearest 
mepresentation of calculations and results. 

питао те Screen Format 

The following items were considered necessary to 
indicate to the calculator operator, proper sequencing and 
results. 

Cem UCL Numbers and Decimal. As each number 
mementered, it should print on the screen so that the oper- 
ator can verify ane entry. The decimal point position in 
еле input foot larly verified. This portion of the input 
would be, PNIIECGs sity, AO ANO III form. 

(2) Operation Commands. A symbol indicating 
the operation to be performed is printed to verify and 
record the operation, and to terminate the entry sequence. 

ЦЕНЕ от and Sign Conditions. Upon completion 
Pathe calculation, Sign and error conditions would be 


metel. Error of any sort would be indicated both 
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Visually by symbol on the screen, and audibly by sounding 
E Terminal '"bell". The sign of the result would be 
Mama ted to give a true credit-balance type display. The 
ЕП апа error indications as well as the result. to follow 
would be in vertical alignment with the codes of previous 
Што tO present a well-ordered display. 
(4) Result. "The result and decimal point 
would be printed in an aligned balance column immediately 
lowing indication of sign. 
b. Automatic Margining 
The automatic margining feature described in 
teference [1] was considered desirable to permit fullest use 
Meche screen area. In addition, a carriage return and line 
feed would be generated at the end of each line sequence in 
meer to provide a return to either margin 0 or margin 1. 
SS Calculator Considerations 
Шише исе нов which calculator to use was the most 
important preliminary consideration made. Choice of the 
weht calculator could result in a minimum of interfacing 
mM thus a reduction in manufacturing cost, while an 
improper choice of calculator could lead to eventual project 
failure. Some of the features considered are discussed in 
the following paragraphs. 
a. Mode of Operation 
IT o the basic MOS calculators considered 
have the four operations: addition, subtraction, multiplica- 


tion, and division. As discussed in the previous section on 
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screen format, the business mode of operation was selected 
for ease of presenting data and results to the terminal in 
a business, bookkeeping fashion. The only other prime con- 
sideration in operation was the method of point placement. 
Peewas felt that a calculator with both floating point and 
fixed point modes of operation would satisfy the needs of 
the dollars and cents balance column, and provide the accur- 
acy of a floating point machine if needed. 
b. Constant Feature 
Some calculators offer a constant feature which 
allows repeated multiplications or divisions of a series of 
members by a single constant without re-entry of the constant 
for every operation. This feature was considered desirable 
mr the business format calculator for example, to calculate 
tax as a fixed percentage of a long series of individual 
members. In this case each number and its percentage would 
“ат орровісе each other on the same line for ease of 
meter referral. 
c. Automatic Round-Off 
Automatic round-off would be used in conjunction 
with the fixed-point mode of operation, and the multiplication 
and division operations to prove a 5/4 round-off in the 
Nuit. This would provide a result correct to the nearest 
Ew For ans financial calculation involving multiplication 
r division. | | 
Оаро етос Ерте 
EN NODtoUbNStructure of most electronic calcu- 


lators are of two forms. The more usual form provides 
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numerical information decoded to conform to a 7-segment 
numerical display, and digit information in the form of 
individual digit drive lines. The second, and less usual, 
ШИ presents numerical data in BCD form and digit informa- 
mM elther the above form or in binary form. Both forms 
are designed to permit a time-multiplexed display where the 
numerical data present at any given time on the data lines 
б оролас to the digit line active at that given time. 
Тһе coded torm of output structure was preferred since it 
ted direct interface of the output data lines of the 
Мен а сот with the terminal circuitry utilizing the ASCII 
code. 
ea T n terfacing 

kecent advances in the lon-implantation type 
production of MOS integrated circuits have enabled manu- 
facturers to reduce the threshold voltage of the MOS 
мине сту. This not only results in a more efficient circuit 
but allows ease of interfacing of these devices with TTL 
logic levels. Therefore, a low-threshold MOS calculator 
utilizing a logic scheme compatible with TTL logic was 
considered as the most desirable. 

AS A 

ЕБС Гоше Simetienwealculators of the type dis- 
cussed above are available in sizes from six-chip sets down 
Po single chip calculators. For reasons of power, economy, 
and size limitations, only single chip calculators were 


Benshdered for the project. 
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The comparative study of all available calculators 
with respect to the points discussed is beyond the scope of 
this thesis. The final choice was to utilzie the Texas Instru- 
ments TMS-0100 NC one-chip calculator series and more speci- 
ши ту the TMS-0102 NC version. Complete operational 
Broperties and electrical specifications for this series are 
en in reference [12]. Although the output structure of 
articular calculator chosen was not of the desired type, 
all of the good features discussed in the other sections were 
Present in this calculator. In addition, the calculator pro- 
Sa the eight digits required by the initial design 
materia. 

Preliminary Design 
И ТО лату £O tinal design of the circuits, 
choice of codes was finalized to corie c pondito the calcula- 
meme Circuit chosen, a sequence of events or operation was 
termined and a switching structure appropriate to generate 
this sequence was selected. 
a. Code Selection 

A minimal Set of codes necessary for complete 
Operation was selected by first separating the codes into 
two sub-sets. Table 1 shows the codes necessary for commu- 
ита топ from the terminal to the calculator, the ASCII 
symbols chosen, and a description of the operation performed. 
These particular selections permit a complete description of 
Me Operation by the first four bits of the ASCII code with 


one ambiguity. The exception is the code 1100 which could 
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ШЕГЕ І СА/СИГИГОЕ ОРТТІОХ ТАРТ CODES 


| OPERATION | 














nae 





KEYBOARD SUMBOL 





є қ 4 y 
REMESAS IE NATA EAN 





SUBTRACTION ym | 

| MULTIPLICATION | : | 

; | | | На ана | 

: || DIVISION | / | 

CLEAR ALL REGISTERS | FF | 
: | CLEAR ENTRY REGISTER | FS 


| ENTER DECIMAL Га | 
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ШО есеп еїїһегт а С or CE operation. Bit 5 is necessary 
Mere to distinguish between the two operations. All opera- 
ШЕГЕ except C and CE result in a printed symbol on the termi- 
ШЕР ор Јау screen. The codes chosen for C and CE are, at 
EN nt, non-printing. 

Codes necessary for data and control function 
transmission between the calculator option and the 4010 
terminal are shown in table 2. Some of the codes are common 
with the input code set, but used in a slightly different 
ПОСЕ Others such as BEL, NUL, CR, #, and LF are unique 
EN пе Output set to control the functioning of the termi- 
E Ihe first six bits of the ASCII code completely 
обе the set of output codes. All output codes result 
micerminal action, but the control codes and SP do not 
result in a display symbol. 

b. Single Line Sequence 

The choice of codes combined with the number of 
ARES in the calculator result allowed selection of a 
sequence of events Що и аи Пе те ments Sequence is 
 Естірей іп figure 4. There are 36 character spaces avail- 
Bere between margin 0 and margin 1 on the screen. Starting 
at margin 0 is a field, variable from one to ten spaces, con- 
Sisting of input numbers, one decimal point, and one 
ОО тапа. At the end Of the input sequence, additional 
aces ale added as necessary to make up a total of sixteen. 
This correctly positions the remainder of the line in the 


Me position Lor every line. At this point error conditions 


25 





tee 2) САПР OPTION OUTPUT CODES 


Seer Ul FUNCTION | OPERATION | ASCII 1 





МТ 0 “и i 







XMIT 1 


МШ? | 









XMIT 4 


| XMIT 5 | 
| XMIT 6 Ж г 





ХМІТ 8 TES 








к. | ХМІТ DECIMAL POINT 
| SIGN OF RESULT IF XMIT SPACE OR MINUS SIGN SP or - | 
| ERROR CONDITIONS | XMIT BELL, OR NULL i BEL, NUL | 


mod 


y 


ERROR CONDITIONS |] XMIT # OR SPACE | # or SPE 






BEADING ZERO 


CARRIAGE RETURN | 


EINE FEED 


atl SPACE | SE 










XMIT CARRIAGE RETURN 











NE FEED 





D 
| 
^ - meet) 


26 





" MARGIN 1 
| TERMINAL SCREEN | 





|a 36 CHARACTER SPACES — 


+ 


SPACES 
OUTPUT DATA FIELD 


Ono OUTPUT ATLAS FIELD 
ERROR SYMBOL OR SPACE 
БЕКШ ОК NULL CODE і 


SPACES 


INPUT DATA FIELD AND SPACING 


FIGURE 4 SINGLE LINE SEQUENCE 


27 





are indicated. First the terminal bell is sounded if an 
E condition is present. If not, a null code is trans- 
ша. Neither of these codes results in a character space. 
Meee if error conditions exist, a # symbol is sent and 
Mears on the terminal display screen. If no error condi- 
muons exist, a space 1s transmitted. Both of these codes 
МЕНЕ in one character space. This concludes the error 
sequence. For the next character space, sign is displayed 
B ransmitting a minus if the result is negative or a space 
mue result is positive. Finally the calculation result 
ENUSnsmitted, most significant digit first, with the 
decimal point correctly positioned. This is followed by a 
Mage return and line feed to position the cursor for the 
next line sequence. The overall sequence is shown in table 
Кила consists of 8 separate phases. Twenty-seven character 
spaces are used which leaves a 9 character spacing between 
the margin 0 calculations and the margin 1 calculations. 
The input portion of the line sequence is controlled manu- 
ally by keyboard input. Closure of an operation key shifts 
ШЕ пе sequence to the output portion where control and 
return to the margin position is automatic. 
cow Chart 

A flow chart representing the line sequence 
described above is shown in figure 5. The idle position is 
at key closure in phase 1. All phases that result in a 
Single character space or no character space in the line 


sequence are simply straight-through paths or contain only 
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FIGURE 5 CALCULATOR OPTION FLOW CHART 





Em опаї branching paths. Those phases related to 
и е Character Spaces each contain an incremental 
wand comparison. These counters were initially termed 
MONT and COUNT D to represent the input counter and the 
asec Counter respectively. 

A typical sequence of events is as follows. 
ИЕР in phase 1, a key closure is made. The closure is 
ШЕРГЕ to see if it is an operation key. If not, COUNT I 
и стелептеа Бу 1 апа the sequencer returns to the idle 
ПИО to Walt for the next input. If the closure is 
Bema to be an operation, the calculator sequences to phase 
n phase two COUNT I is tested to see if it has reached 
E count 16. If not, a single space is transmitted, the 
meter incremented by 1, and then retested. When the 
count reaches 16, the counter resets and action sequences 
ase 3. In phase 3, error conditions are tested and if 
found true, BEL is transmitted. Phase 4 is the second error 
phase. Here again, the test is on the same error conditions 
as in phase 3, ПУ with different transmissions as shown. 
Phase 5 results in transmission of a minus sign for negative 
mesults zm ср ис топ трозпезие results. Phase 6 transmits 
ШИЕ calculation result to the terminal in correct form. 
meee the IMS-0102 NC calculator utilizes an 8 digit result, 
the comparison of COUNT D is with its eighth count. Initially 
UNIDA UL be reset or in the 0 state. The digits are 
transmitted sequentially starting with the most significant 


digit. Therefore, the presence of the decimal point in any 


Si 





Пре трас time frame interrupts the digit sequence and 
allows transmission of a decimal point following that digit 
eam prior to transmission of the next digit. Completion of 
8 digit transmissions results in an exit to phases 7 and 8 
mna return to the idle position. This type of decimal 
EU IuUDt is necessary since in the calculator, the decimal 
ies the same time frame or character space. Since the 
TMS-0102 NC uses a right-hand point display system, trans- 
Sion of the decimal point must follow the digit contained 
EN С same calculator digit time frame. 
d. Special Structure Block Diagram 
ШШЕ е Та а on Of the calculator option 

mode sequence and flow chart, some thought was given to the 
EN of circuitry needed to generate this sequence of events. 
Any digital system can be implemented in a variety of Ways. 
However, the primary consideration in this case, was to keep 
mmemecst aS low as possible. The required special purpose 
мене ите сап be described in terms of the general form as 
muesented in chapter 6 of reference [4], and as shown in 


миете 6. The two major parts of this structure are: 


Pipe lic ata Processing Circuitry. 
(2) The Timing and Mode Circuitry. 


Peata processing circuitry includes input 
devices such as multiplexers, analog-to-digital converters, 
Switches and keyboards. It also includes output devices 
such as stepping motors, digital-to-analog converters, and 


display of various types. It includes any data storage 
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FIGURE 6 GENERAL FORM OF SPECIAL PURPOSE STRUCTURE 





mecessary to the problem. Finally, it includes whatever 
Structures are appropriate for implementing the algorithms 
that take the system inputs and generate the system outputs. 

ine. timmmemamaemode circuitry basically serves 
the same function as the program does in a general-purpose 
ШОШ ет. The timing circuitry sequences those operations 
which are a function O1 time only. An example of this would 
ES plementation of ah algorithm where certain operations 
МЕСО be done one after another. The timing circuitry 
might simply be an asynchronous binary counter which is in 
Бе U when operation begins. The data processing circuitry 
is controlled by levels coming from this binary counter, so 
E when the first clock transition occurs, the circuitry 
Mmeeponds to those conditions which are enabled when the 
mary counter is in state 0. When the next clock transition 
Шо. the circuitry responds to those conditions enabled 
when the counter is in state 1, and so forth. The mode cir- 
cuitry sequences operations as a function of data as well 
as time. Inputs to the mode ситет are functions of 
tables in the data processing circuitry and of time, 
derived from the timing circuitry. The mode circuitry gen- 
tes circuit outputs which the data processing circuitry 
Meee tO Sequence its operations. It also goes from state 
E tate during clock transitions. 

With the general form of the special purpose 
 епсгпге іп mind, a block diagram of the calculator option 


was formed. This diagram is shown in figure 7. The phase 
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counter provides asynchronously timed control levels to the 
other two sections. Format modes that are a function of the 
data as well as times are controlled by format counters 
COUNIT anda COUNTD. The data processing section contains 
ШІ (Пе input and output data sections, the calculator and 
interfaces and other necessary format ‘generation circuitry. 
A final detailed design was next accomplished. 

dual Circuit details and operations will be discussed 


in the following section. 
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ІШІ) ГЕТАТІЕр СІНСИІТ5 DESCRIPTION AND OPERATION 


With the preliminary design completed, detailed design 
of the various sections proceeded. The results of that 
design will be discussed in this section in the form of 
a detailed circuit description and operational sequence for 
each of the sections or blocks. A block diagram of th final 
version of the 4010 calculator option is shown in figure 8. 
The final configuration of the calculator option closely 
resembles the special-purpose structure discussed in section 
ІІ. Data and operational commands are received from the 
terminal buss structure through the input section 
and the correctly formated result is transmitted back 
through the same buss structure. In addition, a separate 
calculator keyboard is provided to permit rapid numerical and 
wen onal inputs to the system. Control circuits will be 
Covered first in order to provide a better understanding of 


the data processing units when they are covered. 


SS ASE AND ENABLE CONTROL CIRCUITS 
The phase and enable сото сі Есил е5 provide operational- 
level control to several of the other units. An understand- 
img of the circuits and Beas function is necessary for the 
discussion to follow. 
Enable Circuit 
The enable circuit shown in figure 9 allows enabling 


and disabling of the calculator option without complete 
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шипомайо ої the calculator circuit board from the terminal. 
The Tektronix 4010 terminal provides two general purpose 
rocker switches and indicator lamps on its keyboard. These 
are represented by the buss signals SWITCH 1, SWITCH 2, 
ШИНПСАТОВ 1, and INDICATOR 2. In addition, a third rocker 
switch provides the ON-LINE / LOCAL function, and is re- 
presented on the buss structure by LOCAL. Since the 
Mty Of all other interface devices are enabled by ON- 
LINE and disabled by LOCAL, it was decided to utilize the 
calculator while the terminal was in the LOCAL mode. This 
EK Eliminate mutual interference between the calculator 
option and any computer interfaces that might be installed 
hé terminal. In addition, SWITCH I is used to provide a 
calculator ON/OFF option while in the LOCAL mode. As shown 
by figure 9, a combination of LOCAL and SWITCH I provide the 
ЕШ ЕГЕ level. This signal is fed back to INDICATOR 2 to 
Ж ЕЕ СС а front-panel, visual verification of "calculator on". 
Further, SWITCH 2 is used in combination with ENABLE to 
provide KLOCK. KLOCK 15 used to disable the terminal key- 
board when the calculator keyboard is in use. SWITCH 2 pro- 
mes the Option of choice of keyboard for data entry to 
the calculator. ENABLE also is fed to the strobe genera- 
meron Circuits to ensure that strobe outputs are generated 
Only when the circuit is enabled. 
ase Control Circuit 
ШЕСИ control circuit, shown in figure 10, is 


МЕТРА 5 bit binary counter. A clocking input to the 
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counter is received from the format circuitry at the comple- 
NO cach phase and clocks the counter to the next phase. 
The counter outputs phase information in 3 bit binary form 
mee phase decoder and the output data multiplexer. The 
phase decoder decodes the binary phase information into 
lal, low active phase control lines. These phase con- 
lines are used by both input control and format control 


to effect necessary circuit sequencing. 


БЕ INPUT SECTION 

The input section contains temporary data storage, de- 
coding of numerical and operational inputs, and the neces- 
Eu control and timing functions to effect their entry into 
E Calculator input interface. In order to perform these 
mations, the input section receives BIT 1 through BIT $ 
ШІ С5ТЕОВЕ from the terminal buss structure, and Phase 1 
amd ENABLE from the phase and enable control sections. The 
input section generates an artificial CBUSY for interrupt 
Semerol and input. type classification signals for use by 
format section. The input section can be broken down 


into two general groups. Complete circuit details are shown 


ШІ figure 11. 
1. Temporary Data Storage and Decoding 
The temporary storage and decoding group contains 
the data timing latches, decoder, and enable circuitry neces- 
EN o control entry of the data bits into the calculator. 
The primary design consideration is one of timing. Тһе 


electrical specifications for the TMS-0100 NC series, 
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metemence [12] requires that any valid keyboard or data 
murDunto the calculator be greater than 6000 clock periods 
inwbength. For a nominal calculator clock frequency of 307 
ШЕ thrs means that for an entry to be considered valid, it 
ШЕН 6Ехісі оп the calculator input lines for greater than 
19.5 ms. Since the data bits and CSTROBE are present on the 
E minal lines for only several s at most, a direct inter- 
ШӨ 15 not possible. Instead, the following procedure is 
used. The data bits are temporarily stored in five data 
latches. This is done by the presence of CSTROBE and the 
presence of phase 1, the input phase. That is, data will 
Ниша слеа into the input circuits only during phase 1 of 
BDEoverall circuit sequence. The first four data bits are 
ШЕР ав the four address lines of a type 74154N 4 line-to-16 
line decoder. The decoder, when enabled, decodes these four 
Into a Single numerical or Operational line, with the 
one ambiguity previously discussed. This ambiguity is 
mee@onciled by BIT 5, the fifth data bit. Enabling of the 
decoder is done through terminals GI and G2. Both must be 
at logical 0 to enable the decoder. G2 is simply ENABLE 
(Еп the enable circuit. Thus no entries can be made to the 
puculator when the calculator option is not enabled. The 
second enable, Gl, is derived from the data latch strobe. 
The negative edge of this strobe triggers a monostable 
multivibrator which is timed by external components to pro- 
duce a pulse width of approximately 30 ms. This action 


produces a synthetic "key closure" greater than the required 
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ЕЕ ОТ 6000 clock cycles or 19.5 ms. The net effect is 

О ООШ е for each data input to the circuit, a single 

Боп опс о: the output lines corresponding to the 

ПИСЦЕ This signal is low-active and is of sufficient 

NO produce a valid entry to the calculator circuitry. 
 ФПОПЕТСОІ Signal Generation 

ШЕСҮС ате three control signals generated in the 
ШИЕ 5есгіоп. Two of these, INPT and OINPT, are simply 
EU classifications and are used by the format section. 
Што generated whenever the calculator is enabled and 
ШЕШЕ 15 ап input of any kind. OINPT indicates that a given 
ШЕШІ 15 ап operator. The decimal point is considered a 
шишстоса? input, and is not included in the operational 
Enput set. 

Бес ап indication ot "calculator busy" is not 
lable ih any form from the TMS-0102 NC calculator, this 
signal must also be generated. This is done only for opera- 
tional inputs by utilizing the negative edge of OINPT to 
trigger a second monostable multivibrator. PIIN ror tis 
multivibrator is again derived from reference [12]. The 
worst case for computational time is the divide operation, 
which requires a maximum of 30000 clock cycles. Again for 
a Clock frequency of 307 kHz, this means that CBUSY must be 
memerated for approximately 95.3 ms in order to ensure that 
ШЕ 9пес Signal overlaps actual calculation time. External 
timing components were selected to give an active time of 


around 100 ms for any given operational input. This signal 
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EN SPUSY through the usual 7458N open-collector buffer. 
Mere rall operational sequence of the input section is 


mM ih figure 12. 


С. CALCULATOR AND INTERFACING 
Berger to enter information into the calculator at the 
output lines, interfaces must be provided oO perm CNIS 
Eu ance of information between the two logic schemes. 
EIT, The necessary clocking signals and bias voltages 
must be Supplied to the calculator circuit. 
E Input Interface 

The usual form of input is through a keyswitch matrix 
ПИТ tOrm shown in figure 15. The digit drive lines D1-D11 
EM. same digit lines used at the output to generate the 
Km multiplexed display. Each is strobed sequentially in 
ЕМІП using a positive logic scheme. The two most important 
широ: lines are the keyboard numeric (KN) and the keyboard 
Operation (KO) lines. If, for example, a strobe is obtained 
on Eum ішпе KO during digit time frame D3, it would indi- 
сате the division operation. 

This scheme of matrix input must be simulated using 
E put lines available at the output of the input section 
discussed in the previous section. At the same time the TTL 
Шорас levels must be shifted to conform to the MOS logic 
"wels at the input. Reference [12] gives these logic levels 
as Vgg » logical 0» Vss-6V, and Vss-1.5V » logical li sss 
ШОО асе аг Ге input is not a difficult problem since the 


high input impedance of the input lines results in minimal 
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PB di 


ШО лир оп the interface circuits. The scheme used to pro- 
vide both the matrix configuration and the TTL-MOS interface 
15 Shown in figures 14 and 15. Type 7426N gates are 2-input 
ШБ часо а high-voltage, open-collector output structure. 
Pull-up of both input lines to Vss is provided by а 1k?) resis- 
Ehe digit drive Iines are fed back from the output 
interface and are sequentially scanned as previously 
Ие The input control lines are low-active; there- 
Exc itethere are no inputs, the input line will be held 
ШИШ Оол Са 0 Sequentially, in turn, by the 7426N gates. If 
ENEUput 1s present, that particular line will be low for a 
period greater than 20ms. Then the input line will be 
mE up to logical 1 during the time frame indicated by 
EN »1t drive line to that particular gate. This results 
in the same input sequence as a standard keyswitch at that 
meme ln the matrix. The arrangements used for both the 
numeric and operational input lines are shown. The keyboard 
point (KP) and keyboard constant (KQ) lines will be dis- 
mussed later. | 

а Ош Interface 

ШИЕ р intertace 15 2 М05-ТТІ interface and poses 

aeditterent problem. The loading conditions that must exist 
are shown in figure 16. The output lines of the MOS calcu- 
lator are open-drain buffers and utilize the same positive 
Logic scheme as the input. An active output or one that is 
 Шосіса! І 15 in Conduction at Vss (*7.5V) with a typical 


Ке Impedance Ol 2500. бітсе for a logical 1 input the 
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mate require only approximately 40 pA, the requirement 
ПИШЕ ОС level shifting with the condition of Vih >2.4 У. 
Erie logical 0 case, the output buffer is essentially 
Enc The input loading on the TTL gate, in this case, is 
E uy M cB INISONBtape requirement of Vil < 0.8 У. 
Conditions of interface are met with the structure 
shown. 
Additional Features 

Ше "опатлает оі the calculator circuitry is shown 
eure 17. A clock frequency of 307 kHz with appropriate 
level shifting is provided. Power supply voltages are 
derived from a simple zener diode regulator circuit. The 
constant mode of operation and еса k fixed decimal 
mons are provided by jumper connections at-the аррго- 
priate points in the matrix. These could be replaced by 


switches. 


D. CODE CONVERSION AND DATA PROCESSING 

Mare. Conversion to BCD format for the format section 
and output multiplexer is done after the MOS levels are 
shifted to TTL levels. The seven-segment information and 
meee drive line Dll are used for this purpose. Sign, error 
and leading zero information are made available. 

een segment To BED Converter 

ie converter is a combinational circuit and is 

Shown as the upper portion of figure 18. Initial design of 


the circuit was done using a Karnaugh map. This design was 
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Er verified using the Quine-McCluskey reduction techniques 
EE ussed in reference [11]. The BCD data at the output is 
Ben transmitted to the output data multiplexer. 
fee Other Indications 

weadime zero blanking 15 provided by detecting the 
Melon of all.segments at logical 0. The calculator 
detects leading zeros internally and uses this method to PROS 
„иисе û blanked position in the time multiplexed display. 
The presnece of a blanked position, BLANK, is passed to the 
ои. data multiplexer for later use. 

omita tor presents sign апа error conditions by 
outputing certain seven-segment codes during digit time frame 
ши А negative result is indicated by the presence of 
ПЕРИС С only. The four error conditions of positive and 
Memactave result overflow are indicated by presence of seg- 
ES TD and Others during this digit time frame. Therefore, 
this information is extracted as shown. If segment G is 
present during digit time Dll, the flip-flop is cleared and 
Ора са1 1 ас NEG пао ва te,the output data multiplexer 
for use. If segment D is present, the same sequence results 
in ERROR at logical 1. The state of the flip-flops is 
reversed within one display cycle time of the actual change 


we atus within the calculator. 


Eee FORMAT SECTION 
The format generation section is the single most impor- 


Em cc 0n the 4010 calculator option. This circuit 
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movrdes the timing control necessary to generate the desired 
Шела пат display screen format. The actual circuit detail 
ES Complex to be presented within this document but are 
ble in the complete circuit blueprints. Instead, a 
ЕНЕ Тед block diagram is presented as figure 19. The 
primary control levels are the phase control lines from the 
phase decoder. Additional control levels are received from 
NEN urPculator input and output sections, and from the termi- 
nal buss structure. 

ШІП? а)! phases except phase 1 a strobe timing signal, 
EDD IS generated for the strobe generation circuit, which 
EN Ге discussed later. An interrupt on this timing sig- 
nal is generated if either TBUSY or CBUSY is present.  CSTRB 
IS generated by two means. One is an automatic strobe at 
Beate determined by a frequency division down from 307 kHz. 
This was set to be less than the maximum character processing 
ШЕС ОТ the A010 terminal. The second source of CSTRB is 
wom the phase 6 timing circuitry. 

ща Phase 1 | 

Don разве 1. data transmission from the calculator 
is ata rae determined by the Keyboard in use. During this 
Mace, the format circuitry gates the signal INPT, received 
Шол the calculator input section, to the counter COUNTI, 
mS thus Counts the number of keyboard inputs. This action 
абе лие until an operational input, OINPT, is received. 
OINPT is one of the several signals that provide a clocking 


те phase Counter to the next phase. During phase 1, 
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ШИ Б 15 generated at the automatic rate but is ignored by 
ehe strobe generation circuit. 
E Phase 2 
Reception of OINPT during phase clocks the phase 
сито» to the next state and puts the format circuit into 
mec2- In this phase CSTRB is provided to the strobe 
mneration crrcuits at the automatic rate, and the resultant 
TSTROBE generated are gated to clock COUNTI. When COUNTI 
Nes” count 16, a combination circuit at its output provides 
се Clocking signal which shifts control to phase 3. 
ШО оппр | е Character-Space Phases 
Phases 3-5 and 7-8 are all single character-space 
E es. Ihe action within the format circuit is the same in 
each case. The presence of an active state on any one of 
ШӘ рһасе control lines allow exactly one strobe generation 
Defore clocking to the next phase. This is done by allowing 
WITE то be generated at the automatic but using the first 
TSTROBE generated to provide the phase clocking. 
4. Phase 6 | 
During phase 6 data 1S transmitted at a rate deter- 
mined by Seren маселе Ше вопкесе OL ColkB rs switched 
Ee The digit Strobe. Initially the digit counter, COUNTD, 
mein State 0. This stage in binary form is used by the 
digit data БЕ т о сс све digit drive Tine of the 
EM significant digit. This results in generation of 
Bat the same instant that the particular data line 


eec ted is active. Since both the calculator BCD data at 
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ши ноисрит data multiplexer and the selected digit drive line 
active for a longer period of time required to enter the 
 ШСТет into the terminal, the correct digit information 

is displayed. The TSTROBE generated for this purpose also 
NS COUNTD to select the next most significant digit, and 
the process is repeated. If the decimal point is detected 
EMEND a given digit time frame а one-character Space 

EM UEIUpt is generated, during which time the decimal point 
EN Dnsmitted to the terminal. When the counter reaches 
ШО СИ СП state,1t provides a phase clocking to shift con- 


to the next phase. 


OUTPUT DATA MULTIPLEXER 

E output data multiplexer operates in close conjunc- 
БИШІ with the format generation section. Whereas the format 
deton ensures the line format by controlling the strobe 
шета Стоп process, the output data multiplexer ensures that 
E Correct codes are put onto the data busses. A block 
diagram of the multiplexer is shown as figure 20. Again the 
Primary control lines are the phase lines from the phase 
unter. These lines determine which data inputs are selec- 
ted for transmission. The data selection is done by six 
type 74151N 1-1N-8 data selectors. 

During Phase 1, the keyboard bits are selected. During 
вс 2, hardwired SP code inputs are selected. During 
phase 3, a NUL code is selected if error is not present, 


ШЕ а BEL code if error is present. During phase 4, a SP 


ө 
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ET DIAGN OT OUTPUT DATA MULTIPLEXER 





weis selected if error is not present, and a f code if 
КИ 15 present. Phase 5 results in the selection of a - 
NI rrt NEG is active, and a SP if not. During phase 6 the 
BCD calculator data is selected provided neither BLANK or 
МЕНИЦА interrupt is active. If BLANK is active, a SP code 
EN gcected. ІТ decimal interrupt is active a decimal point 
code is selected. Phases 7 and 8 result in selection of a 
CR ana LF codes respectively. In each case the data bits 
NN cred are gated onto the terminal busses by a data gate 


received from the strobe generator circuit. 


GS TROBE GENERATOR 

The strobe generator receives timing information from 
the format and E га епа ANG Серес the strobe 
мот Се discussed under preliminary considerations in 
оп ІІ-Б-І. The circuit is shown in figure 21. When 
enabled, TSTROBE and CSTROBE are generated upon command by 
Signals from one of two sources. During phase 1, a key- 
та SIE aca ener same as the one utilized by the 
Eemal generates both the keyboard data bits for the output 
шив сорїехет and the timing signal KSTROBE to initiate 
the strobe generation sequence. During all other phases, 
Море generation iS initiated by CSTRB received from the 
ШО ша generation circuit. In addition to the strobe sig- 


ШИЕ а data gate is provided for the output data multiplexer. 
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ІНІ) RESULTS 


Бата ла гу debugeing of the calculator option proto- 
=e was accomplished in three days. Only one major problem 
б ссоуетгесй subsequent to this period. This was the 
meets ot a design error in the seven-segment to BCD code 
ENersion in the @alculator output section, and resulted 
fmeenumber 4 being decoded as a 5. The circuit was rede- 


КОШСО апа the problem corrected. 


LE CALCULATION EXAMPLES 

Ш ГЕпсііх А is a collection of examples of actual cal- 
erations performed using the calculator option. The 
ср ез were chosen to illustrate both the versatility of 
m MS-0102NC calculator, and the resultant screen format 
Obtained. The copies were made directly from the terminal 


 БІау screen using the Tektronix 4601 Hard Copy Unit. 


E OVERALL CALCULATOR OPERATION 

Overall operation of the 4010 calculator option, and a 
eral description of the display action obtained is 
tained in the document presented as Appendix В. This 
Paper was written for Tektronix to provide a general descrip- 


Eun of the operation of the circuit. 
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V. CONCLUSIONS AND RECOMMENDATIONS 


Fon the standpoint of operation, the design of the 
Пасо option and resultant proper operation are con- 
sidered a success. However, the large amount of complex 
ШШШ ту involved in interfacing a calculator intended for 
simple desktop machines with the 4010 terminal and producing 
ME оБлкей screen format of the result increases the cost 
e point where production of the calculator option is 
uu onable. Certainly improvements could be made with по 
mMEtIon in capability by using a calculator with a BCD 
писа form of output, thereby eliminating some of the data 
Meeeeessing circuitry; but the resultant reduction in cost 
HEN ot justify additional work. Therefore, further inves- 
иссоп in the present form of the calculator is not 
recommended. Instead, a new approach to the "hardwired" 
МО terminal intelligence is proposed. 

In recent years, complete general purpose computers have 
become available completely contained on a few MOS/LSI 
mimeeerated Circuits. These microcomputers, presently avail- 
meme trom several companies, are designed with dedicated, 
special-purpose applications in mind where small size and 
Moyecost are desirable. The uses of microcomputers are 
mam Present sets are being utilized in production systems 
ranging from point-of-sales terminals to electronically 


мешето Тед household ranges. In addition, the microcomputers 
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ве programmed to function as scientific calculators. 
MN Se functions would be particularly desirable to almost 
Eo User of present day computer display terminals. Іп 
addition, all of the format generation accomplished in the 
Ent Version by complex sequential and combinational 
ИІСІ (5 could be done within the microcomputer through use 
of microprogramming. This would reduce the option configura- 
МЕНИТО the microcomputer set itself, and a simple interface. 
initial, general investigation into microcomputers 
EN -rrormed as a project for EE-4825, Advanced Digital 
Utell Systems. This study resulted in the selection.of the 
SK-0030 version of National Semiconductors Microprogrammable 
Merpehmetic Processor (MAPS) as а сл акт worthy of further 
Meee tigation. Іп fact, this set was identified early in 
E Droject as one of the most attractive possibilities, but 


 Псуісес were not available early enough for the project. 
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ДЕРЕНШЕД В 


TEKTRONIX 4010 
COMPUTER DISPLAY TERMINAL 
CALCULATOR OPTION 


ПЕВ ВН пр ооо ри ел панк 1972 


GENERAL DESCRIPTION 


NI CDI calculator option is a terminal auxiliary card, 
ph when “installed in the 4010 terminal, provides the 
Meer with an@ecight-digit, five function calculator. The 
КО ON of addition, subtraction, multiplication, and 
@ivision are obtained through a single key-stroke with 
both the entry and results displayed sequentially on the 
ШЕШІ <стесеп,. A fifth function, that of the square of a 
number, can be obtained through a two key-stroke sequence. 
Перова: to the calculator is either through the calcu- 
lator keyboard, provided on a cable extention from the 
calculator board, or through the terminal keyboard. The 
ЧОО л ШОТ the calculator is that of a business calculator 
ml tiie functions of addition and subtraction resulting 
mimcweaceumulation type operation. 


CAPABILITIES 
А. Range of Operation 


Number of digits displayed is eight. Answers greater 
than 99999999 result in overflow. Overflow is one of 
"mcs cveral Crror Conditions that sound the terminal 
Шешесі! print the f by that™result to indicate to 
the operator that an error has been made. Answers 
less than 0.0000001 result in underflow. Underflow 
condition is indicated by a single 0 in the results 
ОЛИШИ Both overflow and underflow conditions pre- 
vet {urther calculations until the calculator 15 
CITE by depressing the clear (C) Key. 


Du ОК pPUt Ol greater than cight digits results in 
Шебер Condition and error indications as described 
Pro viously. 


Вере оп 


74 





Operation Key ASCIT 
Addition + = + 
Suberactıon - = : 
Multiplication X 2 
Division E / 
Square Х,+= С 


Operation ot the clear (С) key clears all of the 
Calculator registers. This action is verified by 
ee printing of a single Об in the results column. 
Operation of the clear-entry (CE) key clears the 
Enput register only. Previous results as stored іп 
the accumulator register are saved. 


Пош Key 25 provided on the calculator keyboard 
lon convenience ofthe User. The terminal Screen 
Sabe erased without eclcaring the calculator. 


Decimal Point 


LQUmiixcad-point and floating point conditions are 
possible. The type of operation, and the point 
position in the fixed point case, is switch select- 
able. 


Switch DECIMAL POINT 
Е FLOATING 
0 POSITION 0 
2 POSITION 
5 DOS TIUS 


In the fixed point mode, all answers are automatically 
меша ort (4/5 round-off) to the position selected. 


ample: Ansrer = 1272701 
Point Position = 2 


Display 1.24 


Leading zeros are suppressed in both point modes. 
Trailing zeros are suppressed in the floating point 
mode only. If the result exceeds the space available 
ели елен fixed point mode, the calculator protects 
the most significant digits by automatically shifting 
ene point right. 


ms 





ШО Mode of Operation 


Mode of operation, chain or constant, is selected 
ПОЗИК A Swatch. Wath the K switch off, normal 
Citan pe operations result. With the K switch on, 
Constant type Operations are possible in multiplica- 
Gron and division. 


ПИ plication: Ihe constant multiplier is the first 
numeric input. This is followed by 
the multiplication (X) key. Then 
any number can be multiplied by the 
cons cano) simply entering tie num- 
bel and then depressing the = = key. 
IRE пиеси рН displayed іп the 
left (input) column while the answer 
Dede pe cache Ticht (results) 
column. 


Division: Operation is as above only with the 
division key utilized second. The 
constant divisor is also the second 
ИСС үсе те first as in 
mal во ес Бошка (ове example cal- 
culations): 


An additional feature of the constant mode of opera- 
I "that once a constant multiplier or divisor 
wl UD in the calculator, repeated depresssions 
(тен = Key without numeric inputs results in the 
previous result multiplied or divided by the constant. 
This enables the operator to find sequential powers 
cae yen number very quickly. 


OPERATION 


The calculator mode of operation is enabled by switching 
Mer terminal to local and turning switch 1 on. Switch 2 
is used to select the keyboard to be used. 


Addition: Је Прва амин и пе ен а о: then depress 
= + Кеу. 

Subtraction: Enter number to be subtracted, then 
depress - = key. 

Multiplication: Enter first number, then depress X 


key. The first input is verified in 
етеп ЗОРЕ ех the 
second number, then depress the + = 
key. The answer is obtained in the 
results column. 
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тло јоп: 


oquare: 


Enter the number to be divided, then 
МЕ о Кел на ве number is veri- 
ееси ЕБ column. Enter 

the divisor, then depress the = = key. 
The answer 1s obtained in the results 
column. 


Enter the number to be squared, then 
depress the X key. The number is veri- 
fied in the results column. Next 
depress the + = key to obtain the 
square directly below the number in 
НС ЕС COLUMN. 


~ 


A 
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11. 
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